Frequencies of cyanogenic and acyanogenic plants were determined in 15 populations of white clover, Trifolium repens, representing altitudinal comparisons at five localities in southwestern British Columbia, Canada and one in northwestern Washington State, U.S.A. The percentage of cyanogenic plants averaged 538 per cent in low elevation (<100 m) populations, 25•7 per cent in mid elevation (500-650 m) populations, and 11 •6 per cent in high elevation (1000-1500 m) populations. At all of the localities except Grouse Mountain, North Vancouver, B.C., the frequency of cyanogenic plants was lowest in high elevation populations. The altitudinal ratio-dine for cyanogenesis parallels dines found in the Swiss Alps and Wales, where white clover is a native species. White clover is introduced in North America, and the dine in southwestern British Columbia must have been established in less than a century, and in some populations less than 15 years. This pattern is consistent with the hypothesis of strong selective pressure for alternative phenotypes by temperature and/or predation by slugs and snails.
INTRODUCTION
Cyanogenesis in white clover is a textbook example of natural selection in plants. Many populations of white clover, Tr(folium repens L., are polymorphic for cyanogenesis, the release of HCN from damaged leaf tissue. Cyanide production is dependent on the presence of the dominant allele at the Ac locus for the production of the cyanogenic glucosides lotaustralin and linamarin, and the dominant allele at the Li locus for their hydrolysing enzyme linamarase. The two loci are unlinked. Plants with genotypes which are homozygous recessive at either locus do not release significant amounts of cyanide (Melville and Doak, 1940; Coop, 1940; Corkill, 1942; Atwood and Sullivan, 1943) . Daday (1954a) found that the frequency of cyanogenic plants in populations of white clover in Europe, where it is a native species, varied from 0-100 per cent. Dominant allele frequencies at both the Ac and Li loci show a geographical ratio-dine, increasing with increasing mean January temperature. Daday (1954b) also found that six populations ranging from 580-1950 m elevation in the Swiss Alps showed a corresponding ratio-dine at both loci, with the dominant alleles decreasing with increasing altitude. Daday (1954a Daday ( , b, 1965 maintained that temperature itself was the major selective factor determining allele frequencies at these loci, and found some evidence for different performance by cyanogenic and acyanogenic plants at different temperatures in greenhouse and garden experiments. Jones (1962 Jones ( , 1966 In most cases the populations which were sampled were along roads to ski areas. Sample sizes ranged from 162 to 210 per population (table  1) . Low elevation populations occurred at less than 100 m altitude, mid elevation populations were between 500 and 650 m, and high elevation populations were 1000 to 1500 m in altitude. Lowest and highest populations at each locality were less than 5 km apart, except at Mt. Seymour where they were within 8 km, and at Mt. Baker, where they were within 10 km. Cuttings were kept refrigerated in plastic bags and leaves tested for cyanide production within 48 h. Cyanogenic phenotypes were determined by standard sodium picrate paper tests (Corkill, 1940) . In the initial collections, from Cypress Park, material was divided, and glucoside (amygdalin) or enzyme (f3-glucosidase) added to test whether Ac or Li alleles were present in acyanogenic plants. Both loci were polymorphic in all three populations, but because genotype frequencies could not be estimated without extensive progeny testing, this was not pursued.
Genotype frequencies given in Daday (1954b) were calculated from Hardy-Weinberg equilibrium assumptions, and are probably invalid because his evidence indicated that selection was likely.
RESULTS
Except at Grouse Mtn. and Hemlock Mtn., there Van- couver, where white clover is introduced, parallel those found in the Swiss Alps (Daday, 1954b) and north Wales (Araüjo, 1976) where it is native. independently. Ennos (1981) presented evidence that some selective regimes can select at the Li locus but not the Ac locus. Therefore, the factors controlling frequencies in these polymorphic populations are not likely to be simple. At least two and probably more selective forces must be operating on the polymorphism. Most recent investigations of the cyanogenesis polymorphism in white clover have focussed on the selective factors themselves. There is conclusive evidence that herbivory by slugs and snails, and perhaps aphids, selects against the acyanogenic phenotype (Angseesing, 1974; Angseesing and Angseesing, 1973; Crawford-Sidebotham, 1972; Dirzo and Harper, 1982a; Dritschilo et al., 1979; Horrill and Richards, 1986; Jones, 1962 Jones, , 1966 .
The evidence for other factors, such as temperature (Daday, 1965) , and soil moisture stress (Foulds, 1977; Foulds and Grime, 1972a, b; Foulds and Young, 1977) is neither very numerous nor very conclusive (see also Dirzo and Harper, 1982b) , and sample sizes in experiments were often small.
Despite how these selective factors interact, they are supposed to produce dines in which the cyanogenic phenotype decreases with altitude. Somewhat surprisingly, the generality of this hypothesis has been little tested. Daday (1954b) Columbia altitudinal dines for cyanogenesis should also develop in introduced populations of white clover. The results confirm that altitudinal dines for cyanogenesis in white clover have evolved quickly in introduced populations where temperature ranges and herbivore faunas are similar to those found in the native range of the species.
These dines must have evolved in less than a century, and in some cases in less than two decades, because the roadside habitats are that recent. At the high and mid elevation sites at Cypress Park, white clover was introduced in a seed mixture with grasses about 10 years previously, but immigration of seeds from weedy roadside populations is also possible. None of the sites were near agricultural areas, so that the clover in all sites was probably derived from weedy or lawn strains rather than pasture strains. I think that this is strong confirmation that the ratio-dines for cyanogenesis correlated with temperature are the result of natural selection. However, in the area I studied, altitude is causally correlated with many factors besides temperature, including length of growing season, snow cover, rainfall, soil moisture, cloud cover, and flora and fauna. The three main selective factors which have been postulated to affect the cyanogenesis polymorphism are herbivores, temperature, and soil moisture stress. In British Columbia, gastropods, which select for cyanogenic plants, decrease with altitude, and may be less frequent in areas with moisture stress. Moisture stress, which may select for acyanogenic plants, also decreases with altitude. Temperature decreases with altitude, and low temperature may select for acyanogenesis. So one might expect that at low elevations slugs select for cyanogenic phenotypes and moisture stress selects for acyanogenic phenotypes, at high elevations cold selects for acyanogenic phenotypes. All three of these factors have gradients which are correlated to some extent. It is not going to be possible to explain the clinal patterns observed on the basis of a single factor, and more complex theoretical models are needed.
